Experimental Physiology -Introduction for Modelling of Biological Systems

Modelling of Biological Systems Themed Issue
Nearly all of the papers in this themed issue describe mathematical models of organs or organ systems based on biophysical equations solved on three-dimensional (3-D) finite element representations of the organ anatomy. The finite element method is a computational technique that is widely applied in the analysis of complex engineering structures but is equally applicable to modelling the complex anatomy of organ systems and the anisotropic, inhomogeneous and highly non-linear properties of biological tissues. The organ systems considered in this themed issue are the heart, the lungs, the digestive system and the musculo-skeletal system.
About the articles
Many of the papers have a clinical focus. Fernandez & Pandy (2006) , for example, propose a framework for incorporating lower limb gait analysis data, ground reaction force data and EMG data into subject-specific models of walking based on solving the equations of continuum mechanics on models that incorporate the 3-D anatomy of the major muscle groups of the leg. The paper by Buist et al. (2006) links gastric slow wave activity on anatomically based models of the stomach to clinical measurements of the electromagnetic fields produced by these waves under conditions of cellular uncoupling induced by ischaemia. Tawhai et al. (2006) consider structure-function relations in the pulmonary circulation within the context of a 3-D anatomical model of the lungs that was illustrated on the cover of the inaugural issue of the new Experimental Physiology launched in January 2004 (Crampin et al. 2004) . The model predicts the patterns of perfusion in response to different lung orientiations under gravity loading for both normal and diseased conditions. A different approach to modelling the lung is taken by Cherniack & Longobardo (2006) , who use a control theory model to examine the role of periodic breathing in understanding cardiovascular and respiratory disorders.
Another important theme of Experimental Physiology is integration via multiscale models; these are models that represent molecular events within the context of solving biophysical equations at the tissue level. Four examples of this in the March themed issue are the incorporation of models of ion channel electrophysiology in cardiac tissue simulations by Kohl et al. (2006;  the role of mechanically sensitive ion channels), Trayanova (2006;  mechanisms of defibrillation), Nash et al. (2006;  action potential restitution properties of cardiac tissue) and Trew et al. (2006;  the role of cardiac tissue structure in electrical wave propagation). The approach to modelling heart physiology with cell-level processes incorporated into the physical equations governing function at the tissue and whole organ level owes much to the pioneering cardiac ion channel modelling work by Denis Noble in the UK (Noble, 2002) .
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Exp Physiol 91.2 pp [283] [284] This themed issue on computational modelling applied to biological systems can be seen as representative of a major new direction in physiology that holds considerable promise for integrating experimental data at the protein, cell and tissue levels into whole organ function.
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